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(54) Positive electrode material and nickel-zinc battery 



(57) The present invention provides a nickel-zinc 
battery of an inside-out structure, that is, a battery com- 
prising a positive electrode containing beta-type nickel 
oxyhydroxide and a negative electrode containing zinc 
and having a similar structure to an alkali manganese 
battery, in which the beta-type nickel oxyhydroxide con- 
sists of substantially spherical particles, mean particle 
size of which is within a range from 1 9u,m to a maximum 
of 40um, the bulk density of which is within a range from 
1.6 g/cm 3 to a maximum of 2.2g/cm 3 , tap density of 
which is within a range from 2.2 g/cm 3 to a maximum of 
2.7g/cm 3 , specific surface area which based on BET 
method is within a range from 3m 2 /g to a maximum of 
50m 2 /g, and the positive electrode of the nickel zinc bat- 
tery contains graphite powder, where the weight ratio of 
graphite powder against a total weight of the positive 
electrode is defined within a range from 4% to a maxi- 
mum of 8%. 



FIG. 2A 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001 J The present invention relates to beta-type 
nickel oxyhydroxide and a method of producing thereof, 
and yet, also relates to a positive electrode active ma- 
terial composed of beta-type nickel oxyhydroxide. Fur- 
ther, the present invention relates to a nickel-zinc bat- 
tery incorporating a positive electrode comprising beta- 
type nickel oxyhydroxide as a positive electrode active 
material and a negative electrode comprising zinc as a 
negative electrode active material. 

2. Description of the Related Art: 

[0002] In recent years, compact-size portable elec- 
tronic apparatuses, especially portable game players, 
digital cameras and digital video-camera recorders, or 
the like, have been propagated very significantly. It is 
expected that these compact-size portable electronic 
apparatus will be propagated furthermore from now on, 
and thus, demand for compact-size battery serving as 
a power-supply source for these compact-size portable 
electronic apparatuses will also be promoted quickly. 
Generally, any of those compact-size portable electron- 
ic apparatuses utilizes a high operating voltage and re- 
quires a large amount of current, and thus, a usable 
power source must be distinguished in discharge char- 
acteristic under heavy load. 

[0003] Of those batteries satisfying the above require- 
ments, such a alkaline-manganese battery has already 
been propagated most widely, which comprises manga- 
nese dioxide for composing the positive electrode and 
zinc for the negative electrode, and yet, it also compris- 
es highly concentrated alkaline aqueous solution for 
composing electrolytic solution. Inasmuch as manga- 
nese dioxide and zinc are respectively inexpensive, and 
yet, because of high energy density per weight, not only 
for the power-supply source of compact-size portable 
electronic apparatuses, but the alkaline-manganese 
battery is also utilized extensively. 
[0004] Considering further utility for compact-size 
portable electronic apparatuses and in order to further 
improve discharge characteristic under heavy load, a 
wide variety of improvements have been achieved in a 
range from battery material to the composition of battery 
itself. However, in the above alkaline-manganese bat- 
tery, inasmuch as a positive electrode active material 
comprising manganese dioxide performs discharge 
based on homogeneous solid-phase chemical reaction, 
as a result of discharge, voltage gradually lowers where- 
by drawing such a discharge curve of downward-slop- 
ing. Because of this, in such a compact-size portable 
electronic apparatus requiring a high voltage and a large 
amount of cunent, basically, discharge performance of 



the alkalinemanganese battery can hardly suffice prac- 
tical need, and yet, despit of a variety of improvements 
thus far effected, duration of actually operable capacity 
of such a compact-size portable electronic apparatus 
5 has thus been extended by a negligible extent. Further, 
any of the modern compact-size portable electronic ap- 
paratuses is apt to perform own operation with a rela- 
tively higher voltage and a greater amount of current in 
the initial stage of distribution in the market. To deal with 
io this tendency, it is imperative that such a battery com- 
patible with a newer model of any of compact-size port- 
able electronic apparatuses and capable of preserving 
distinguished durability to heavy load be provided as es- 
sential requirements. 
15 [0005] To suffice the above requirements, a nickel- 
zinc battery has thus been proposed. The nickel-zinc 
battery comprises its positive electrode comprising nick- 
el oxyhydroxide and its negative electrode comprising 
zinc, which contains such an operating voltage and du- 
rability to heavy load respectively being higher than 
those of the above alkaline-manganese battery. On the 
other hand, nickel oxyhydroxide as a positive electrode 
active material easily generates oxygen and a large 
amount of self-discharge as problems to solve. As a 
method for solving these problems, for example, the 
Japanese Laid-Open Patent Publication No. HEISEI- 
10-214621 (1998) proposes such a nickel-zinc battery 
having an "insideout" type structure with a less amount 
of self-discharge by utilizing gamma-type nickel oxyhy- 
droxide (y-NiOOH) for composing a positive electrode 
active material. 

[0006] Such a battery utilizing the above-cited gam- 
ma-type nickel oxyhydroxide has a small amount of self- 
discharge, and has higher operating potential than that 
of an alkaline manganese battery. However, it is a prob- 
lem that such a battery cannot have large discharge ca- 
pacity because the above gamma-type nickel oxyhy- 
droxide has relatively low density. 



[0007] The object of the present invention is to provide 
such a nickel-zinc battery having such a discharge volt- 
age higher than that of an alkaline-manganese battery 
45 and distinguished in the large-current discharge char- 
acteristic. 

[0008] The present invention introduces such a posi- 
tive electrode active material comprising beta-type nick- 
el oxyhydroxide consisting of substantially spherical 

so particles. Preferably, mean particle size of the beta-type 
nickel oxyhydroxide is within a range from 19u,m to a 
maximum of 40um. Preferably, bulk density of the beta- 
type nickel oxyhydroxide is within a range from 1 .6 g/ 
cm 3 to a maximum of 2.2g/cm 3 . Preferably, tap density 

55 is within a range from 2.2 g/cm 3 to a maximum of 2.7g/ 
cm 3 . Preferably, specific surface area of beta-type nick- 
el oxyhydroxide based on BET method is within a range 
from 3m 2 /g to a maximum of 50m 2 /g. 
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electrode active material shown by sample batter- 
ies 25 to 28; 

FIG. 10 exemplifies the relationship between spe- 
cific surface area and discharge capacity of the pos- 
5 itive electrode active material shown by sample bat- 
teries 29 - 39; 

FIG. 11 isatable showing compositions of the sam- 
ple batteries 1 to 4; 

FIG. 12 is a table showing discharge capacities of 
10 the sample batteries 1 to 4; 

FIG. 1 3 is a table showing the classification and the 
battery properties of the sample batteries 5 to 28; 
FIG. 1 4 is a table showing processing conditions for 
the sample batteries 29 to 39; 
* 5 FIG . 1 5 is a table showing compositions of the sam- 
ple batteries 29 to 39; 

FIG. 16 is a table showing discharge capacities of 
the sample batteries 29 to 39 before storage; 
FIG. 17 is a table showing discharge capacities of 
20 the sample batteries 29 to 39 after storage; 

FIG . 1 8 is a table showing compositions of the sam- 
ple batteries 40 to 48; 

FIG. 19 is a table showing discharge capacities of 
the sample batteries 40 to 48; and 
25 FIG. 20 exemplifies the relationship between graph- 
ite contents in the positive-polar composing mate- 
rial and discharge capacity. 

DESCRIPTION OF THE PREFERRED 
30 EMBODIMENTS 



[0009] The above- referred beta-type nickel oxyhy- 
droxide for composing the positive electrode active ma- 
terial used for implementing the present invention is pre- 
viously treated with alkaline aqueous solution and con- 
tains alkaline cation between layers of the beta-type 
nickel oxyhydroxide. 

[0010] Further, the nickel-zinc battery proposed by 
the present invention utilizes the above-referred beta- 
type nickel oxyhydroxide for composing positive elec- 
trode active material. The positive electrode at least 
contains beta-type nickel oxyhydroxide and graphite 
powder, where the weight ratio of graphite powder 
against a total weight of the positive electrode is defined 
within a range from 4% to a maximum of 8%. 
[0011] According to the present invention, it is possi- 
ble to secure such nickel oxyhydroxide with least self- 
discharge, and yet, such a nickel-zinc battery using said 
nickel oxyhydroxide for composing positive electrode 
active material as the one embodied by the invention 
generates such an operating voltage and distinguished 
durability to heavy load respectively being higher than 
those of conventional alkaline-manganese batteries. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

FIG. 1 is a vertical cross -section a I view of a nickel- 
zinc battery according to a practical form for embod- 
ying the present invention; 

FIG. 2 is explanatory of substantially spherical beta- 
type nickel oxyhydroxide (A) realized by the present 
invention and conventional non-spherical beta-type 
nickel oxyhydroxide (B); 
FIG. 3 exemplifies grading distribution of the beta- 35 
type nickel oxyhydroxide according to a practical 
form for embodying the present invention; 
FIGs. 4A to 4D exemplify the relationship between 
the composition of potassium in nickel oxyhydrox- 
ide after completing a process for treating the beta- 40 
type nickel oxyhydroxide with aqueous solution of 
potassium hydroxide and the diffraction figure of 
powder via X-ray analysis; 

FIG. 5 exemplifies discharge curve when sample 
batteries 1 -4 each containing 1 500mW of power ex- 
ecuted discharge down to 1 .0 V; 
FIG. 6 exemplifies results of testing digital cameras 
loaded with sample batteries 1 to 4; 
FIG. 7 exemplifies the relationship between specific 
surface area and discharge capacity of the positive 50 
electrode active material shown by sample batter- 
ies 5 to 20; 

FIG. 8 exemplifies the relationship between specific 
surface area and discharge capacity of the positive 
electrode active material shown by sample batter- 55 
ies 21 to 24, 

FIG. 9 exemplifies the relationship between specific 
surface area and discharge capacity of the positive 



[0013] Practical forms for implementing the present 
invention in relation to beta-type nickel oxyhydroxide 
and method of producing the nickel oxyhydroxide, a 
positive electrode active material, and a nickel-zinc bat- 
tery, are described below. 

[0014] FIG. 1 is a vertical cross-sectional view of a 
nickel-zinc battery 1 as an example of a battery accord- 
ing to an embodiment of the present invention. The nick- 
el-zinc battery 1 comprises the following: a battery can 
2, a positive electrode 3, a separator 4, a negative elec- 
trode mixture 5, a sealing member 6, a washer 7, a neg- 
ative electrode terminal plate 8, and a current collecting 
pin 9. 

[0015] The battery can 2 is made of iron plated with 
nickel, for example, which constitutes an external posi- 
tive electrode terminal of the nickel-zinc battery 1 . 
[001 6] The positive electrode 3 is of a hollow cylindri- 
cal form. Beta-type nickel oxyhydroxide, graphite pow- 
der as electrically conductive agent, and electrolytic 
aqueous solution of potassium hydride jointly formulate 
positive electrode mixture. The positive electrode mix- 
ture is molded into a hollow cylindrical form to prepare 
positive electrode pellets 3a, 3b, and 3c, which are se- 
rially laminated inside of the battery can 2. 
[0017] The separator 4 is of hollow cylindrical form 
and disposed inside of the positive electrode 3. 
[0018] The negative electrode mixture 5 comprises 



3 



5 



EP1 148 029 A2 



6 



zinc particles for composing a negative electrode active 
material, electrolytic solution using aqueous solution of 
potassium hydride, and gelling agent which initially gels 
the negative electrode mixture 5 and then causes zinc 
particles to be dispersed in the electrolytic solution s 
evenly 

[0019] The battery can 2 internally stores the positive 
electrode 3 and the separator 4 filled with the negative 
electrode mixture 5. An aperture of the battery can 2 is 
coupled with the sealing member 6 for sealing the ap« 10 
enure. The sealing member 6 is made of plastic mate- 
rial. Further, by way of concealing the sealing member 
6, the washer 7 and the negative electrode terminal 
plate 8 are secured to the sealing member 6. Further, 
the current collecting pin 9 made of brass is inserted into is 
a through-hole of the sealing member 6 secured with 
the washer 7 from the upper position. 
[0020] By way of inserting the nail-form current-col- 
lecting pin 9 welded to the negative electrode terminal 
plate 8 into a through-hole formed at the center of the 20 
sealing member 6, the current-collecting pin 9 reaches 
the negative electrode mixture whereby enabling the 
negative electrode to collect current. By way of connect- 
ing the positive electrode 3 to the battery can 2, the pos- 
itive electrode can collect current. External circumferen- 25 
tial surface of the battery can 2 is fully concealed by an 
external label (not shown). A positive electrode terminal 
is positioned to the bottom of the battery can 2. 
[0021] The inventive battery comprising the above 
structural components generates own positive elec- 30 
trode reaction, negative electrode reaction, total reac- 
tion, and theoretical electromotive force by way of the 
following: 

Positive electrode reaction: 35 

NiOOH + H 2 0 + e' ->Ni(OH) 2 + OH' 

E 0 = 0.49V 40 
Negative electrode reaction: 

Zn + 20H* -*ZnO + H 2 0 + 2e' 

45 

E 0 = -1 .25V 
Total reaction: 

2NiOOH + Zn + H 2 0 ->2Ni (OH) 2 + ZnO 5q 

Theoretical electromotive force: E 0 = 1 .74V 

[0022] As is clear from the above chemical formulas, 
nickel hydride and zinc oxide are respectively generated 55 
from nickel oxyhydroxide and zinc via discharge reac- 
tion. 

[0023] Nickel oxyhydroxide for composing a positive 



electrode active material is used for composing activat- 
ing material of secondary batteries such as a nick l-hy- 
drogen battery and a nick l-cadmium battery. It is well 
known that these batteries proved surpassing discharge 
performance. Nickel oxyhydroxide includes two kinds 
consisting of beta-type and gamma-type. Normally, 
these components can easily be generated by way of 
electrolytically oxidizing nickel hydroxide via so-called 
electrolytic oxidizing method. Nevertheless, the synthe- 
sized nickel oxyhydroxide, in particular, the beta-type 
nickel oxyhydroxide generates substantial self-dis- 
charge to result in the generation of oxygen gas, and 
thus, in terms of storage characteristic and resistant 
characteristic against leakage of electrolytic solution, 
the beta-type nickel oxyhydroxide is not desired for use. 
To compensate for this, in order to use the beta-type 
nickel oxyhydroxide for composing active material of the 
primary batteries, it is essential that self-discharge rate 
be lowered effectively. As a solution for this, convention- 
ally, gamma-type nickel oxyhydroxide with less self-dis- 
charge rate has been used against the beta-type nickel 
oxyhydroxide. 

[0024] It is conceived that self-discharge and the re- 
sultant generation of oxygen are caused by decompo- 
sition of ion substance such as N0 3 _ and C0 3 2_ present 
in its crystal occurred inside of the battery. Such an ion 
substance remains inside of crystal as impurities in the 
course of producing nickel oxyhydroxide. It is conceived 
however that self-discharge characteristic of nickel ox- 
yhydroxide can be improved by way of decreasing the 
above impurities. 

[0025] On the other hand, it is also conceived that the 
deterioration of the storage characteristic of nickel oxy- 
hydroxide is caused by diluted electrolytic solution, 
where dilution of electrolytic solution is caused by solid- 
ification of alkaline cation present in the electrolytic so- 
lution within lattice via infiltration of alkaline cation be- 
tween layers of nickel oxyhydroxide relative to passage 
of time. Note that nickel oxyhydroxide itself is multi-layer 
compound constituted with cadmium iodide crystals, 
[0026] Based on the above conception, according to 
the findings of inventors, initially, by applying a chemical 
oxidizing method to cause nickel oxyhydroxide to be ox- 
idized in chemical solution containing a suitable oxidiz- 
ing agent such as sodium hypochlorite and a suitable 
alkaline substance such as lithium hydroxide, sodium 
hydroxide, and potassium hydroxide, for example, nick- 
el oxyhydroxide was synthesized, 
[0027] It was found that, in the course of synthesizing 
nickel oxyhydroxide, independently of the kind including 
gamma and beta types, the above- referred ion of impu- 
rities flowed into the synthesizing solution from the crys- 
tals to result in the generation of such nickel oxyhydrox- 
ide with decreased self-discharge characteristic and im- 
proved suitability for composing active material of the 
primary batteries. 

[0028] Oxidation reaction generated in the above ex- 
periment is expressed by way of the following: 
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2Ni(OH) 2 + CIO' -> 2NIOOH + CI" + H 2 0 

[0029] Note that, depending on pH value in the chem- 
ical solution, type of the resultant nickel oxyhydroxide s 
differs. More particularly, when the pH value is less than 
a certain value, high-density beta-type nickel oxyhy- 
droxide with 4.68g/cm 3 of theoretical density is gener- 
ated. On the other hand, when the pH value exceeds a 
certain value, low-density gamma-type nickel oxyhy- w 
droxide with 3.79g/cm 3 of theoretical density is-gener- 
ated. In the nickel-zinc battery 1 related to the present 
invention, in order to secure a greater capacity for the 
battery, among the above-referred nickel oxyhydroxides 
generated via the above-referred chemical oxidizing is 
method, it is preferred that high-density beta-type nickel 
oxyhydroxide be used for composing positive electrode 
active material. 

[0030] It is further desired that high-density nickel hy- 
droxide comprising substantially spherical particles be 20 
used for a starting raw material. Normally, conventional 
nickel hydroxide comprises non-spherical particles 
each having 1.4 - 1.8g/cm 3 of tap density and 1.0 - 
1 .4g/cm 3 of bulk density. On the other hand, the above- 
referred high-density nickel hydroxide comprises sub- 25 
stantially spherical particles each having 2.0 - 2.5g/cm 3 
of tap density and 1.4 - 1.8g/cm 3 of bulk density re- 
spectively being higher than those of conventional nick- 
el hydroxide. 

[0031] Method of measuring the tap density and the 30 
bulk density is described below. Initially, objective pow- 
der particles are fed into a specific container via natural 
fall. Assuming that mass is expressed by A(g), volume 
B(cm 3 ), and another volume is C(cm 3 ) after softly tap- 
ping bottom of the lifted container 200 times against a 35 
desk, then, the bulk density and the tap density are de- 
fined by formulas shown below. 

Bulk density = A/B (g/cm 3 ) 

Tap density = A/C (g/cm 3 ) 40 

[0032] It is desired that the tap density and the bulk 
density of beta-type nickel oxyhydroxide for forming 
positive electrode active material specified in the em- 
bodiment of the present invention shall remain in a <s 
range defined below. More particularly, the tap density 
of the beta-type nickel oxyhydroxide shall remain in a 
range of 2.2 - 2.7g/cm 3 whereas the bulk density of the 
beta-type nickel oxyhydroxide shall remain in a range of 
1 .6 - 2.2g/cm 3 This is because, if the tap density and so 
the bulk density remain less than the lower limit values, 
it is quite difficult to expand discharge capacity, and yet, 
it is quite difficult to produce such beta-type nickel oxy- 
hydroxide having greater values of the tap density and 
the bulk density beyond the upper limit of the defined ss 
ranges. 

[0033] FIG. 2A exemplifies the inventive beta-type 
nickel oxyhydroxide comprising substantially spherical 



particles. FIG. 2B exemplifies conventional beta-type 
nickel oxyhydroxide comprising non-spherical particles. 
The upper side shown in FIGs. 2A and 2B designates 
photographs of the inventive beta-type nickel oxyhy- 
droxide and the conventional beta-type nickel oxyhy- 
droxide taken via an electronic microscope. Photo- 
graphs shown in the lower side designate external form 
of particles shown in the upper side. 
[0034] As shown in FIG. 2A, the inventive beta-type 
nickel oxyhydroxide comprises substantially spherical 
particles. More particularly, particle surface is relatively 
smooth without presence of projections. Although there 
are some of slender and flat particles, as a whole, par- 
ticles are substantially spherical. 
[0035] On the other hand, as shown in FIG. 2B, con- 
ventional beta-type nickel oxyhydroxide comprises non- 
spherical particles showing such a form crushed into 
powderfrom a large mass, where each particle is squar- 
ish, and yet, there are a variety of forms including flat 
form, slender form, and substantially cubic form. 
[0036] FIG. 3 exemplifies an example of grading dis- 
tribution of the inventive beta-type nickel oxyhydroxide. 
It is desired that the inventive beta-type nickel oxyhy- 
droxide for composing a positive electrode active mate- 
rial for implementing the present invention shall remain 
within such a mean particle size and a grading distribu- 
tion specified below. More particularly, it is desired that 
the inventive beta-type nickel oxyhydroxide shall remain 
in a range of 19 - 40u,m of mean particle size. This is 
because, if the mean particle size is less than 19u.m or 
beyond 40u.m, it causes production of batteries to be- 
come quite difficult. It is further desired that the inventive 
beta-type nickel oxyhydroxide shall remain in a range of 
5 - 80u.m of the grading distribution. 
[0037] It is further desired that mean particle size of 
the beta-type nickel oxyhydroxide shall remain in a 
range of 19 - 25ujn and the grading distribution shall 
remain in a range of 5 - 70um 
[0038] Here, minimum and maximum values of the 
grading distribution are defined as follows: when 5% of 
the entire grading values are a value or less than the 
value, the value is defined to be the minimum value, and 
when 95% of the entire grading value are a value or less 
than the value, the value is defined to be the maximum 
value. 

[0039] When producing the beta-type nickel oxyhy- 
droxide in accordance with the above method by apply- 
ing high-density nickel hydroxide as a starting raw ma- 
terial, it is possible to produce such nickel hydroxide with 
higher, tap density and higher bulk density to facilitate 
expansion of battery capacity. 

[0040] Further, it is also desired that specific surface 
area of the beta-type nickel oxyhydroxide based on the 
BET method shall remain in a range of 3 - 50m 2 /g. If 
the specific surface area based on the BET method is 
less than 3m 2 /g., it will result in the difficulty to expand 
discharge capacity when discharging large current in 
particular. Conversely, if the specific surface area based 
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on the BET method exceeds 50m 2 /g., even the beta- 
type nickel oxyhydroxide has a relatively large amount 
of self-discharge, which results in difficulty in securing 
sufficient storage characteristic. 
[0041] Further, by way of mixing beta-type nickel ox- 
yhydroxide yielded from nickel hydroxide via chemical 
oxidation process with such an aqueous solution (de- 
void of oxidizing agent) comprising one kind among lith- 
ium hydroxide, sodium hydroxide, and potassium hy- 
droxide, or two kinds or more than two kinds selected 
therefrom, and then, by causing alkaline cation to infil- 
trate into interface of layers of beta-type nickel oxyhy- 
droxide, the inventors discovered that such beta-type 
nickel oxyhydroxide having such a storage characteris- 
tic surpassing that of conventional beta-type nickel ox- 
yhydroxide was secured while preserving high-density 
proper to the beta-type nickel oxyhydroxide. 
[0042] It is desired that composition of alkaline cation 
in the beta-type nickel oxyhydroxide generated via the 
above method shall remain in a range of 2 - 5% by 
weight. It is further preferred that the composition of al- 
kaline cation shall remain in a range of 3 - 5% by weight. 
If the composition is less than 2% by weight, then, the 
amount of alkaline cation infiltrated between layers of 
the beta-type nickel oxyhydroxide will become short 
whereby storage characteristic can hardly be improved. 
Although a greater amount of alkaline cation may be 
able to infiltrate between layers by applying higher pres- 
sure via an autoclave, for example, if the composition of 
alkaline cation exceeds 5% by weight, then, the above 
beta-type nickel oxyhydroxide will be transmuted into 
low-density gamma-type nickel oxyhydroxide to lose 
own high-density of the positive electrode active mate- 
rial. 

[0043] FIG. 4 exemplifies the relationship between 
the composition of potassium in the beta-type nickel ox- 
yhydroxide after being treated with aqueous solution of 
potassium hydroxide and the diffraction figure of powder 
via an X-ray treatment. 

[0044] The X-ray diffraction patterns shown in FIG. 4A 
and FIG. 4B designate patterns of the beta-type nickel 
oxyhydroxide. These drawings represent that nickel ox- 
yhydroxide still preserves the beta-form when the con- 
tents of potassium ion is less than 5% by weight. The 
X-ray diffraction patterns shown in FIG. 4C and FIG. 4D 
designate patterns of the gamma-type nickel oxyhy- 
droxide. It is thus understood that the beta-type nickel 
oxyhydroxide is transmuted into the gamma-type nickel 
oxyhydroxide when the contents of potassium ion ex- 
ceeds 6% by weight. 

[0045] When utilizing nickel oxyhydroxide as a posi- 
tive electrode active material, there is a technical prob- 
lem to solve because nickel oxyhydroxide and nickel hy- 
droxide generated from nickel oxyhydroxide via dis- 
charge respectively contain a low degree of electron 
conductivity. Accordingly, in order to promote utility of 
the positive electrode active material, it is preferred to 
mix graphite powder with the positive electrode mixture. 



On the other hand, when forming such a nickel-zinc bat- 
tery comprising "inside-out" structur by way of provid- 
ing external circumference of the nick l-zinc battery with 
a positive electrode comprising the blend of nickel oxy- 
5 hydroxide at least mixed with graphite powder formed 
into a hollow-cylindrical configuration in particular, and 
yet, by way of providing the center portion with a gelled 
negative electrode comprising the blend of zinc for com- 
posing negative electrode active material, electrolytic 
io solution, which are at least mixed with gelling agent, and 
yet, by way of further disposing a separator between the 
positive electrode and the negative electrode, inventors 
discovered that desirable contents of graphite powder 
against total weight of the positive electrode ranged 

is from 4% by weight to a maximum of 8% by weight. 
[0046] When there is less than 4% by weight of the 
contents of graphite powder, it will not be able to fully 
improve electron conductivity in the positive electrode. 
On the other hand, when there is more than 8% by 

20 weight of the contents of graphite powder, although 
electron conductivity in the positive electrode can be 
promoted to full extent, amount of nickel oxyhydroxide 
to be filled in the positive electrode as activating material 
decreases to result in the contracted capacity of the bat- 

25 tery. By way of properly arranging the contents of graph- 
ite powder to be mixed in the positive electrodemixture, 
the nickel-zinc battery 1 realized by the present inven- 
tion can secure optimal electron conductivity and stor- 
age capacity throughout service life. 

30 

EXAMPLE 



[0047] Next/concrete examples for implementing the 
present invention are described below. It should be un- 
derstood however that the scope of the present inven- 
tion is not solely limited to the following examples. 
[0048] First, physical characteristics of nickel oxyhy- 
droxide are described below. 

[0049] Initially, by way of chemically oxidizing electro- 
lyzed manganese dioxide and high-density nickel hy- 
droxid e, a first beta-type nickel oxyhydroxide was^gen- 
erated. T he above high-density nickel hydroxide was 
uumposed of substantially spherical particles based on 
2.3g/cm 3 of tap density and 1.8g/cm 3 of bulk density. 
The above first beta-type nickel oxyhydroxide was com- 
posed of substa ntially spherical p articles ba sed on 2.5g/ 
cm 3 of tap density; 2.0g/cm 3 of bulk density, 20u,m of 
mean particle size; and 5 - 70u,m of grading distribution. 
The above chemical oxidation was executed in alkaline 
solution containing sodium hypochlorite-J^ext^a gam- 
m a-type nicke JjaxyJayjro xide was genera teTbyBTeml- 
c aHy oxidizing in the same manner as descri bed above . 
The above gamma-type nickel oxyhydroxide"waTcom- 
posed of substantially spherical particles based on 1 .8g/ 
cm 3 of tap density and 1 .6g/cm 3 of bulk density. Next a 
second beta-type nickel oxyhydroxide was^jenerated 
by chqmjcaiiv oxiaizino a gamma-typejmckel oxyhy- 



35 



40 



45 



50 



55 



droxide and conventional nickel hydroxide^ The second 
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beta-type nickel oxyhydroxide was composed of non- 
spherical particles based on 1 .8g/cm 3 of tap density and 
1.4g/cm 3 of bulk density. Next, based on the composi- 
tion specified in FIG. 11, the first beta-type nickel oxy- 
hydroxide, the gamma-type nickel oxyhydroxide, the 
secor^-bgtth-tyB^nickel pxyjiyrirniririP, Qr»phfto parti- 
cles, and 40% by weight of aqueous solution of potas- 
sium hydr iqeTTOOTU^ w i t h' eaCrT other to com- 
plete tormulation of the positive electrode act ive? gent . 
Next, the prepared positive electrode active ^agents 
were pressurized by applying identical condition to mold 
them into a hollow cylindrical configuration before com- 
pleting the positive electrodes related to the present in- 
vention. Note that the mixed graphite had 6u.m of mean 
particle size, 1 - 25u.m of grading distribution, and a 
maximum of 0.3% by weight of ash component, as for- 
mulated into high-purity powder particles. 
[0050] Initially, the positive electrode component was 
inserted in a battery can. Next, a separator comprising 
a polyolefin non-woven fabric complete with hydrophilic 
treatment was inserted into the positive electrode com- 
ponent. After feeding about 1g of electrolytic solution, 
gelled negative electrode mixture comprising mixture of 
zinc. gelling, agent, a nd electrolytic solution was further 
inserted into the battery can. Finally, aperture of the bat- 
tery can was sealed with a sealing member attached 
with a washer and a current-collecting pin before com- 
pleting production of alkaline batteries conforming to 
"AA"-size format as samples 1 ~~ 4. 
[0051] FIG. 11 represents composition (% by weight) 
of component materials for constituting the positive 
electrode and filling amount (g) of positive electrode 
mixture per nickel-zinc battery. Sample 1 represents an 
alkaline-manganese battery. Sample 2 represents a 
nickel-zinc battery using beta-type nickel oxyhydroxide 
generated via chemical oxidation of high-density nickel 
hydroxide (this is referred to as a first beta nickel-zinc 
battery henceforth). Sample 3 represents a nickel-zinc 
battery using gamma-type nickel oxyhydroxide gener- 
ated via chemical oxidation of high-density nickel hy- 
dride (this is referred to as a gamma nickel-zinc battery 
henceforth). Sample 4 represents a nickel-zinc battery 
using beta-type nickel oxyhydroxide generated via 
chemical oxidation of conventional nickel hydroxide 
(this is referred to as a second beta nickel-zinc battery). 
Note that filling amount of positive electrode mixture per 
battery differs between respective samples. This is be- 
cause density of the used positive electrode active ma- 
terial differs between respective samples. 
[0052] Next, those batteries corresponding to sam- 
ples 1 - 4 were subject to a discharge test and a loading 
test. The discharge test was conducted by way of exe- 
cuting discharge until battery voltage descended to 1 .0V 
at 1500mW of constant power. To execute the loading 
test, commercially available digital cameras ("CAME- 
DIA C-2000 ZOOM" with a zoom lens, a product and a 
registered trade name of Olympus Optical Co., Ltd., To- 
kyo, Japan, each being fitted with a LCD monitor screen 



and using four of H AA"-size batteries), were utilized. The 
loading test was executed by counting the number of 
still shots under still-photographic mode at 20°C via an 
LCD monitoring screen without strobe -flashing at every 
5 minute. 

[0053] Discharge curve and discharge capacity of the 
sample batteries 1 - 4 are respectively shown in FIG. 5 
and FIG. 12. Test result via loading of sample batteries 
1 — 4 in the digital cameras is shown in FIG. 6. 

10 [0054] By referring to FIG. 12 and FIG. 5, it is under- 
stood that, compared to the alkaline manganese battery 
corresponding to sample 1 , the first beta nickel-zinc bat- 
tery corresponding to sample 2, the gamma nickel-zinc 
battery corresponding to sample 3, and the second beta 

15 nickel-zinc battery corresponding to sample 4 respec- 
tively generate quite distinguished discharge character- 
istic under heavy load. Further, as shown in FIG. 6, it is 
also understood that those batteries corresponding to 
samples 2 - 4 are respectively durable to use for a long- 

2° er period of time than the alkaline-manganese battery 
corresponding to sample 1 even when actually being 
loaded in a compact-size portable electronic apparatus. 
[0055] Compared to the gamma nickel-zinc battery as 
sample 3 and the second beta nickel-zinc battery as 

25 sample 4, the first beta nickel-zinc battery as sample 2 
generates more distinguished discharge characteristic. 
Inasmuch as the nickel oxyhydroxide contained in the 
sample 2 is of the highest density, it is thus conceived 
that the sample 2 contains a greater weight of positive 

30 electrode mixture per battery than that of the samples 3 
and 4, in other words, the sample 2 contains a greater 
capacity of the positive electrode. 
[0056] Next, specific surface area of the positive elec- 
trode active material is described below. 

35 [0057] Initially, beta-type nickel oxyhydroxide com- 
prising substantially spherical particles were generated 
by chemically oxidizing high-density nickel hydroxide, 
where the high-density nickel hydroxide was composed 
of substantially spherical particles based on 2.3g/cm 3 of 

<o tap density and 1.8g/cm 3 of bulk density; the above 
chemical oxidizing process was executed in alkaline so- 
lution containing sodium hypochlorite. A variety of beta- 
type nickel oxyhydroxides with specific surface area in 
a range of 1 - 60m 2 /g based on BET method were pre- 

4* pared. Next, based on 85:8:7 of weight ratio, the pre- 
pared beta-type nickel oxyhydroxides, graphite, and 
aqueous solution of potassium hydride (40% by weight), 
were fully mixed with each other before completing pro- 
duction of positive electrode mixture. Like the preceding 

50 sample 2, a number of "AA w -size format compact alka- 
line batteries were prepared as samples 5 ~ 20. 
[0058] In addition, as in the above description, gam- 
ma-type nickel oxyhydroxides were generated by chem- 
ical oxidation. A variety of gamma-type nickel oxyhy- 

55 droxide with specific surface area in a range of 3 - 50m 2 / 
g based on BET method were prepared. Except for 
those which were used for composing a positive elec- 
trode active material, as in the sample 3, "AA"-size for- 
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mat alkaline batteries were prepared as Samples 21 - 
24. 

[0059] In addition, by electrolytically oxidizing con- 
ventional nickel hydroxide, a variety of beta-type nickel 
oxyhydroxides having specific surface area in a range s 
of 3 -50m 2 /g based on BET method were prepared. Ex- 
cept for those which were used for composing positive 
electrode active material, like the preceding sample 4, 
M AA°-size format compact alkaline batteries were pre- 
pared as samples 25 - 28. 10 
[0060] Next, discharge test was executed against the 
prepared samples 5 - 28 by continuously discharging 
voltage until reaching 1 .0V at 1 500m W of constant pow- 
er at 20°C of atmospheric temperature. One of the dis- 
charge tests was executed against those sample bat- is 
teries aged for two weeks at 20°C after the formation of 
batteries. Other tests were executed against those 
which were stored for 20 days at 60°C of atmosphere 
after elapsing two weeks of initial storage period at 20°C 
from the date of completing production thereof. 20 
[0061] Results of discharge test executed against 
samples 5-28 are shown in FIG. 13 and FIGs. 7-9. 
[0062] By referring to FIG. 13 and FIGs. 7 - 9, as a 
result of testing samples 5-20 comprising beta-type 
nickel oxyhydroxides for composing a positive electrode 25 
via chemical oxidation process, it is understood that 
samples 7-18 utilizing beta-type nickel oxyhydroxide 
each having 3 - 50m 2 /g of specific surface area based 
on BET method respectively generate quite distin- 
guished discharge characteristic under heavy load and 30 
durable storage characteristic. On the other hand, de- 
spite of satisfactory storage characteristic, those sam- 
ples 21 - 24 utilizing gamma-type nickel oxyhydroxide 
for composing a positive electrode via chemical oxida- 
tion process respectively fail to generate distinguished 35 
discharge characteristic under heavy load. Conversely, 
despite of sufficient discharge characteristic under 
heavy load, those samples 25 - 28 utilizing beta-type 
nickel oxyhydroxide for composing positive electrode 
via electrolytic oxidation process respectively prove to 40 
be noticeably poor in the storage durability. 
[0063] Based on the above results, it is understood 
that, in terms of the nickel-zinc battery related to the 
present invention, beta-type nickel oxyhydroxide gener- 
ated via chemical oxidation of high-density nickel hy- 45 
droxide should desirably be utilized for composing pos- 
itive electrode active material. It is further understood 
that use of such a beta-type nickel oxyhydroxide having 
own specific surface area within a range of 3 - 50m 2 /g 
via BET method is desirable. so 
[0064] Next, a method of treating beta-type nickel ox- 
yhydroxide in alkaline solution is described below. 
[0065] Initially, beta-type nickel oxyhydroxide gener- 
ated by chemical oxidation of high-density nickel hy- 
droxide was mixed with aqueous solution of potassium 55 
hydroxide, and then, adjustment was effected against 
density of aqueous solution of potassium hydroxide, 
mixing temperature, mixing time, and mixing pressure. 



It was so arranged that net contents of potassium in the 
final formulation of the beta-type nickel oxyhydroxide 
precisely range from 0.5% by weight to a maximum of 
5.0% by weight. Note that the above-referr d high-den- 
sity nickel hydroxide was composed of substantially 
spherical particles based on 2.3g/cm 3 of tap density and 
1 .8g/cm 3 of bulk density. The above chemical oxidation 
process was executed in alkaline solution containing so- 
dium hypochlorite. The resultant beta-type nickel oxy- 
hydroxide was composed of substantially spherical par- 
ticles each having 20u,m of mean particle size based on 
2.5g/cm 3 of tap density, 2.0g/cm 3 of bulk density, and 5 
- 70nm of grading distribution. The processing condi- 
tion is shown in FIG. 14. 

[0066] During the test, whenever pressurizing proc- 
ess was required, reaction is implemented via an auto- 
clave. The beta-type nickel oxyhydroxide and potassi- 
um hydroxide (40% by weight) prior to treatment were 
arranged to be 1 :5 of weight ratio. After completing the 
treatment, separation and washing were executed 
against the beta-type nickel oxyhydroxide. 
[0067] It is desired that concentration of potassium 
hydroxide be in a range from 30% by weight to a maxi- 
mum of 45% by weight. If concentration of potassium 
remains below 30% by weight, then it will become diffi- 
cult to terminate reaction. On the other hand, it Is quite 
hard to procure such potassium hydroxide aqueous so- 
lution having more than 45% by weight of concentration 
from industrial sources. 

[0068] Assuming that potassium hydroxide has 40% 
by weight of concentration for example, in terms of 
weight ratio between beta-type nickel oxyhydroxide and 
potassium hydroxide prior to the treatment, it is desired 
that weight ratio of potassium hydroxide remain within 
a range from 3 to 1 0 against 1 of that of beta-type nickel 
oxyhydroxide. This is because, if the weight ratio is less 
than 3, then, it will become difficult to terminate reaction. 
Conversely, if the weight ratio exceeds 10, it will entail 
difficulty to separate and wash the beta-type nickel ox- 
yhydroxide after completing a reaction process. Further, 
as is obvious from FIG. 14, it is desired that reaction 
temperature be held within a range of 40°C - 60°C. Fur- 
ther, it is also desired that reaction time be held within 
a range of approximately 1 0 hours ~ 60 hours. Further, 
it is also desired that reaction pressure be, held within 
a range from normal pressure to a maximum of 0.9Mpa. 
[0069] Test result evidenced that the form of the beta- 
type nickel oxyhydroxide impregnated with alkaline cat- 
ion between layers produced via the above-referred al- 
kaline treatment was substantially identical to that of the 
other beta-type nickel oxyhydroxide generated via 
chemical oxidation of high-density nickel hydroxide. 
[0070] Further, test result evidenced that mean parti- 
cle size, grading distribution, bulk density, and tap den- 
sity of the beta-type nickel oxyhydroxide containing al- 
kaline cation were substantially identical to those of the 
other beta-type nickel oxyhydroxide generated via 
chemical oxidation of high-density nickel hydroxide. 
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[0071 ] Next, based on the composition shown in FIG. 
15, a positive electrode mixture was prepared by fully 
mixing the beta-type nickel oxyhydroxide generated via 
chemical oxidation of high-density nickel hydroxide, the 
other beta-type nickel oxyhydroxide generated via anal- s 
kaline treatment process, graphite powder, and aque- 
ous solution of potassium hydroxide. Note that the 
graphite power is formulated as high-purity graphite 
powder comprising 6u.m of mean particle size, 1 -25u.m 
of grading distribution, and a maximum of 0.3% by io 
weight of ash component. Then , like the above example, 
a number of °AA"-size format alkaline batteries were 
produced as samples 29 - 39. 

[0072] Sample 29 was prepared with the beta-type 
nickel oxyhydroxide generated via chemical oxidation of '5 
high-density nickel hydroxide. Samples 30 - 39 were 
respectively prepared with the other beta-type nickel ox- 
yhydroxide complete with the above alkaline treatment. 
FIG. 15 designates composition (% by weight) of com- 
ponent materials for composing the positive electrode, 20 
composition (% by weight) of potassium dispersed in the 
beta-type nickel oxyhydroxide, and filling amount (gram) 
of the positive electrode mixture per battery. Composi- 
tion (% by weight) of potassium dispersed in the beta- 
type nickel oxyhydroxide was quantitatively analyzed by 25 
applying an atomic light-absorptive analysis method. 
[0073] Those batteries corresponding to samples 29 
~ 39 were then stored for 20 days at 60°C, and then 
treated with a discharge test until the voltage reached 
1.0V at 100mW, 500mW, 1000mW, and 1500mW of 30 
constant power. Discharge capacity of batteries corre- 
sponding to samples 29 ~ 39 before and after storage 
is shown in FIG. 16, FIG. 17, and FIG. 10. 
[0074] By referring to FIG. 16 and FIG. 10, it is evi- 
denced that those batteries corresponding to samples 35 
29 - 39 prior to storage respectively generated a sub- 
stantially identical value of discharge capacity at 
100mW, 500mW, 1000mW, and 1500mW of constant 
power. 

[0075] By referring to FIG. 16, FIG. 17, and FIG. 10, 40 
it is understood that, compared to the sample 29 com- 
prising the beta-type nickel oxyhydroxide generated via 
chemical oxidation of high-density nickel hydroxide, the 
sample 33 incorporating more than 2% by weight of po- 
tassium in the beta-type nickel oxyhydroxide incurred 45 
less degradation of capacity after storage as a result of 
treatment with alkaline solution. It was further clarified 
from the test results of samples 35 - 39 that further deg- 
radation of capacity could be prevented from occur- 
rence by way of providing a minimum of 3% by weight so 
of potassium composition. When there is a maximum of 
2% by weight of potassium composition in the beta-type 
nickel oxyhydroxide, improved effect can hardly be gen- 
erated in the storage characteristic of batteries. Con- 
ceivably, inasmuch as the amount of potassium ion in- 55 
filtrated between layers of the beta-type nickel oxyhy- 
droxide via an alkaline treatment remains short, potas- 
sium ion present in electrolytic solution is absorbed into 



the beta-type nickel oxyhydroxide during storage, 
whereby causing concentration of the electrolytic solu- 
tion to be diluted. 

[0076] The above description has solely referred to 
the case in which aqueous solution of potassium hy- 
droxide was utilized for executing an alkaline treatment 
process. However, according to the test result, substan- 
tially identical results were also generated even when 
utilizing aqueous solution of lithium hydroxide and aque- 
ous solution of sodium hydroxide as well. Based on this 
result, it is conceived that substantially identical results 
will also be secured even when utilizing these alkaline 
aqueous solutions via mixture and even when more than 
two kinds of alkaline cations are mixed together inside 
of the lattice of the beta-type nickel oxyhydroxide. 
[0077] Based on the above result, in the formation of 
the nickel-zinc battery according to a preferred form for 
embodying the present invention, it is clarified from the 
process for enabling alkaline cationic seed to infiltrate 
itself between layers of the beta-type nickel oxyhydrox- 
ide that composition of the alkaline cationic seed after 
completion of the process should desirably- be arranged 
to be in a range from 2% by weight to a maximum of 5% 
by weight, more preferably, in a range from 3% by weight 
to a maximum of 5% by weight before utilizing the beta- 
type nickel oxyhydroxide to serve as the positive elec- 
trode active material. 

[0078] The above description related to the above-re- 
ferred alkaline treatment has solely referred to the beta- 
type nickel oxyhydroxide comprising substantially 
spherical particles. It should be understood, however 
that the form of the beta-type nickel oxyhydroxide is not 
solely limited to the above substantially spherical con- 
figuration, but the present invention is also applicable to 
a variety of forms other than the spherical configuration 
as well. 

[0079] Next, the amount of contents of graphite for- 
mulated in the positive electrode mixture is described 
below. 

[0080] Initially, based on the composition shown in 
FIG. 18, beta-type nickel oxyhydroxide generated via 
chemical oxidation of high-density nickel hydroxide, 
graphite, and 40% by weight of aqueous solution of po- 
tassium hydroxide, were fully mixed with each other to 
produce positive electrode mixture, and then, like the 
above example, a number of "AA M -size format alkaline 
batteries were produced as samples 40 - 48. Note that 
the above beta-type nickel oxyhydroxide was composed 
of substantially spherical particles each having 20u.m of 
mean particle size, based on 2.5g/cm 3 of tap density, 
2.0g/cm 3 of bulk density, and 5 - 70u.m of grading dis- 
tribution. The above-referred high-density nickel hy- 
droxide is composed of substantially spherical particles 
based on 2.3g/cm 3 of tap density and 1 .8g/cm 3 of bulk 
density. The above chemical oxidation was executed in 
alkaline solution containing sodium hypochlorite. The 
above graphite was formulated as high-purity graphite 
powder comprising 6u.m of mean particle size, 1 - 25u.m 
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of grading distribution, and a maximum of 0.3% of ash 
component. 

[0081] Like the preceding examples, those batteries 
corresponding to samples 40 — 48 were respectively 
treated with discharge test until the voltage reached 
1 .0V at 1500mW of constant power. Test results of dis- 
charge capacity of the samples 40 - 48 are shown in 
FIG. 19 and FIG. 11. 

[0082] By referring to FIG. 1 9 and FIG. 1 1 , it was clar- 
ified that better effect was secured by adding a minimum 
of 4% by weight and a maximum of 8% by weight of 
graphite against the total weight of the positive electrode 
as the proper amount to be included in the positive elec- 
trode mixture. Since nickel oxyhydroxide and nickel hy- 
droxide as the one generated via discharge respectively 
contain a low degree of electron conductivity, it is con- 
ceived that, when the graphite contents are less than 
4% by weight in the positive electrode mixture, such an 
effect for improving electron conductivity in the positive 
electrode can not fully be secured. On the other hand, 
when the graphite contents exceed 8% by weight, de- 
spite of enough effect to improve electron conductivity 
in the positive electrode, as a result of the decreased 
filling amount of nickel oxyhydroxide as the positive 
electrode active material, in consequence, battery ca- 
pacity itself is contracted. 

[0083] Based on the above results, it was clarifiedthat 
the amount of graphite to be included in the positive 
electrode mixture should desirably be defined to be a 
minimum of 4% by weight and a maximum of 8% by 
weight against the total weight of the positive electrode. 
[0084] Although the above description pertaining to 
practical aspects for embodying the present invention 
has solely referred to the nickel-zinc battery as a primary 
battery. It should be understood however that the scope 
of the present invention is by no means restricted to the 
primary battery, but the scope of the present invention 
is also applicable to other nickel-zinc batteries serving 
as a secondary battery. 

[0085] Further, the above description has also re- 
ferred to a cylindrical nickel-zinc battery. However, the 
scope of the present invention is not solely limited to the 
cylindrical battery, but the present invention is also ap- 
plicable to those nickel-zinc batteries with a flat shape 
and other shapes as well. 

[0086] Further, it should also be understood that, not 
only the above-referred practical aspects, but also the 
present invention may also introduce a variety of forms 
and constitutions within such a scope that does not de- 
viate from the essentials of the present invention. 

Claims 

1 . Beta-type nickel oxyhydroxide comprising substan- 
tially spherical particles. 

2. The beta-type nickel oxyhydroxide according to 



Claim 1, wherein mean particle size of said beta- 
type nickel oxyhydroxide r mains in a range from 
19u/n to a maximum of 40ujti. 

5 3. The beta-type nickel oxyhydroxide according to 
Claim 2, wherein grading distribution of said beta- 
type nickel oxyhydroxide remains in a range from 
Sujti to a maximum of 80um 

10 4. The beta-type nickel oxyhydroxide according to any 
one of Claims 1 and 2, wherein bulk density of said 
beta-type nickel oxyhydroxide remains in a range 
from 1 .6g/cm 3 to a maximum of 2.2g/cm 3 , whereas 
tap density of said beta-type nickel oxyhydroxide re- 
's mains in a range from 2.2g/cm 3 to a maximum of 
2.7g/cm 3 

5. The beta-type nickel oxyhydroxide according to any 
one of Claims 1 and 2, wherein specific surface area 

20 based on BET method ranges from 3m 2 /g to a max- 
imum of 50m 2 /g. 

6. Beta-type nickel oxyhydroxide containing alkaline 
cation disposed between layers thereof. 

25 

7. The beta-type nickel oxyhydroxide according to 
Claim 6, wherein said beta-type nickel oxyhydrox- 
ide comprises substantially spherical particles. 

30 8. The beta-type nickel oxyhydroxide according to 
Claim 6, wherein said alkaline cation substance 
comprises any one of or a combination of more than 
two selected from a group of Li+, Na+, and K+. 

35 9. The beta-type nickel oxyhydroxide according to 
Claim 6, wherein said beta-type nickel oxyhydrox- 
ide contains 2% by weight up to a maximum of 5% 
by weight of alkaline cation. 

40 10. A method of producing beta-type nickel oxyhydrox- 
ide comprising a step of oxidizing nickel hydroxide 
in alkaline solution containing sodium hypochlorite. 

11. A method of producing beta-type nickel oxyhydrox- 
45 jde comprising; 

a step of initially oxidizing nickel hydroxide in 
alkaline solution containing sodium hypochlo- 
rite; and 

50 a step of mixing yielded beta-type nickel oxy- 

hydroxide in alkaline solution to cause alkaline 
cation to be disposed between layers of said 
beta-type nickel oxyhydroxide. 

55 12. The method of producing beta-type nickel oxyhy- 
droxide according to any one of Claims 10 and 11 , 
wherein said nickel hydroxide comprises substan- 
tially spherical particles. 
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13. The method of producing beta-type nickel oxyhy- 
droxide according to any one of Claims 10 and 11 , 
wherein said nickel hydroxide comprises substan- 
tially spherical particles each having bulk density 
ranging from 1 .4g/cm 3 to a maximum of 1 .8g/cm 3 
and tap density ranging from 2.0g/cm 3 to a maxi- 
mum of 2.5g/cm 3 . 

14. The method of producing beta-type nickel oxyhy- 
droxide according to Claim 11 , wherein said alkaline 
solution for having alkaline cation between layers 
of said beta-type nickel oxyhydroxide comprises 
any one of or a combination of more than two of 
alkaline salts selected from a group comprising lith- 
ium hydroxide, sodium hydroxide, and potassium 
hydroxide. 

15. A positive electrode active material comprising be- 
ta-type nickel oxyhydroxide, wherein said beta-type 
nickel oxyhydroxide comprises substantially spher- 
ical particles. 

16. The positive electrode active material according to 
Claim 15, wherein mean particle size of said beta- 
type nickel oxyhydroxide ranges from 19p.m to a 
maximum of 40p.m. 

17. The positive electrode active material according to 
Claim 16, wherein grading distribution of said beta- 
type nickel oxyhydroxide ranges from 5|im to a 
maximum of 80um 

18. The positive electrode active material according to 
any one of Claims 1 5 and 16, wherein bulk density 
of said beta-type nickel oxyhydroxide ranges from 
1 .6g/cm 3 to a maximum of 2.2g/cm 3 , whereas tap 
density of said beta-type nickel oxyhydroxide rang- 
es from 2.2g/cm 3 to a maximum of 2.7g/cm 3 

19. The positive electrode active material according to 
any one of Claims 15 and 16, wherein specific sur- 
face area of said beta-type nickel oxyhydroxide 
based on BET method ranges from 3m 2 /g to a max- 
imum of 50m 2 /g. 

20. A positive electrode active material comprising be- 
ta-type nickel oxyhydroxide, wherein said beta-type 
nickel oxyhydroxide has alkaline cation between its 
own layers. 

21. The positive electrode active material according to 
Claim 20, wherein said beta-type nickel oxyhydrox- 
ide comprises substantially spherical particles. 

22. The positive electrode active material according to 
Claim 20, wherein said alkaline cation substance 
comprises any one of or a combination of more than 
two selected from a group comprising Li+, Na+, and 



10 



15 



20 



25 



30 



K+. 



23. The positive electrode active material according to 
'Claim 20, wherein said beta-type nickel oxyhydrox- 
ide contains 2% by weight to a maximum of 5% by 
weight of alkaline cation substance therein. 

24. A nickel-zinc battery comprising; 

a positive electrode comprising mixed powder 
containing at least beta-type nickel oxyhydrox- 
ide being a positive electrode active material 
and graphite powder being an electric conduc- 
tive agent; 

a negative electrode comprising gelled com- 
pound containing at least zinc being a negative 
electrode active material, electrolytic solution, 
and gelling agent for uniformly dispersing said 
zinc and electrolytic solution; and 
a separator being disposed between said pos- 
itive electrode and said negative electrode; 

wherein said beta-type nickel oxyhydroxide com- 
prises substantially spherical particles. 
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The nickel-zinc battery according to Claim 24, 
wherein mean particle size of said beta-type nickel 
oxyhydroxide ranges from 19jim to a maximum of 
40um 

The nickel-zinc battery according to Claim 25, 
wherein grading distribution of said beta-type nickel 
oxyhydroxide ranges from 5jim to a maximum of 
80u,m. 



27. The nickel-zinc battery according to Claim 24, 
wherein bulk density of said beta-type nickel oxyhy- 
droxide ranges from 1 .6g/cm 3 to a maximum of 
2.2g/cm 3 , whereas tap density of said beta-type 
nickel oxyhydroxide ranges from 2.2g/cm 3 to a max- 
imum of 2.7g/cm 3 . 



28. The nickel-zinc battery according to Claim 24, 
wherein specif ic surface area of said beta-type nick- 
45 el oxyhydroxide based on BET method ranges from 
3m 2 /g to a maximum of 50m 2 /g. 
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29. A nickel-zinc battery comprising: 

a positive electrode comprising mixed powder 
containing at least beta-type nickel oxyhydrox- 
ide being a positive electrode active material 
and graph ite powder being an electric conduc- 
tive agent: "™" 



a negative electrode comprising gelled com- 
pound containing at least zinc being a negative 
electrode active material, electrolytic solution, 
and gelling agent for uniformly dispersing zinc 



ci 
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and electrolytic solution; and 
a separator being disposed between said pos- 
itive electrode and said negative electrode; 
wherein: 

said beta-type nickel oxyhydroxide has alkaline 5 
cation between its own layers. 

30. The nickel-zinc battery according to Claim 29, 
wherein said beta-type nickel oxyhydroxide com- 
prises substantially spherical particles. 10 

31. The nickel-zinc battery according to Claim 29, 
wherein said alkaline cation substance comprises 
any one of or a combination of more than two se- 
lected from a group comprising Li+, Na+, and K+. 15 

32. The nickel-zinc battery according to Claim 29, 
wherein said beta-type nickel oxyhydroxide con- 
tains 2% by weight to a maximum of 5% by weight 

of alkaline cation substance therein. 20 

33. The nickel-zinc battery according to any one of 
Claims 24 and 29, wherein said positive electrode 
is molded into a hollow cylindrical configuration and 
disposed on an external peripheral portion; said 25 
negative electrode in gelled form is disposed at a 
center portion, whereas said separator is disposed 
between said positive electrode and said negative 
electrode, whereby forming an "inside-ouf struc- 
ture. 30 

34. The nickel-zinc battery according to any one of 
Claims 24 and 29, wherein said positive electrode 
contains 4% by weight to a maximum of 8% by 
weight of graphite powder against own total weight 35 
of said positive electrode. 
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FIG. 3 
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FIG. 4A 
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FIG. 5 
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FIG. 7 
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FIG. 9 
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FIG. 10 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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FIG. 16 
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FIG. 17 
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FIG. 18 
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FIG. 20 




GRAPHITE CONTENTS (wt%) 



30 



